Objective: Flushing can be defined as a sensation of warmth accompanied by erythema that most commonly is seen on the face and which occurs in episodic attacks. Such a problem can be clinically problematic, since many conditions and drugs can be related to flushing, and while often there appears to be no underlying organic disease, it is important to exclude disorders since they may be life-threatening conditions. Design and methods: We performed a search in MEDLINE using the terms 'flushing' in combination with 'carcinoid syndrome', 'pheochromocytoma', 'mastocytosis', 'menopausal hot flush' and 'treatment'. European and American guidelines relating to neuroendocrine tumours, mastocytosis and menopause were reviewed. Results: In this review, we discuss the main causes of flushing and propose an algorithm based on pathogenesis, which can be used to guide the clinical evaluation process. We also review recent significant developments in the assessment and treatment of the carcinoid syndrome and menopausal hot flushes, which should guide the clinical practice regarding this common but sometimes confusing condition. Conclusions: When evaluating flushing, a precise systematic approach is needed to exclude potentially serious underlying causes, although despite this, the cause of the disorder is not always found. If symptoms are not progressive, the patient should be advised about its apparently benign nature in order to avoid unnecessary studies or initiating treatments of minimal benefit.
Introduction
Flushing can be defined as a sensation of warmth accompanied by erythema that most commonly occurs on the face, but may also involve the neck, ears, chest, epigastrium, arms or other areas. Flushing characteristically occurs in episodic attacks contrasting with the persistent erythema of photosensitivity, erythema multiforme or sunburn, and in carcinoid syndrome, flushing may result in telangiectasias.
Epidemiologically, the data are difficult to report due to the large variety of conditions and drugs related to flushing. Around 80% (1) of post-menopausal women experience hot flushes, and a similar syndrome is seen in more than 65% of men with prostatic cancer during treatment with medical or surgical castration (2) , being the most common complaint reported by men undergoing androgen suppression treatment (3) . Flushing is also included in the manifestations of the carcinoid syndrome, occurring in 20-30% of patients with midgut neuroendocrine tumours (NETs).
Flushing is not an uncommon presenting symptom to endocrinologists, but as such is generally not well covered in endocrine texts. In our experience, its presence may cause on-going uncertainty in the physician and continuing anxiety in the patient. Recently, consensus statements on post-menopausal flushing have been published, and novel therapies devised for the treatment of carcinoid-induced flushing. In this article, we aim to review the pathogenesis and main aetiologies of flushing, emphasising the principal differences between them, and to survey the latest developments in the treatment of this heterogeneous and challenging condition, and suggest investigative pathways.
Search strategy
We performed a search in MEDLINE, with no specific data range. The used terms were 'flushing' in combination with 'carcinoid syndrome', 'pheochromocytoma', 'mastocytosis', 'menopausal hot flush' and 'treatment'. European and American guidelines related to neuroendocrine tumours, mastocytosis and menopause were also reviewed. We also searched the reference lists of articles identified by this search strategy and selected those we judged relevant.
Pathogenesis
Flushing is the visual consequence of increased cutaneous blood flow secondary to vasodilatation, and the predilection for specific anatomical areas seems to be related to the volume of visible superficial vessels and, possibly, a qualitative difference in facial cutaneous vascular response to systemic agents and neuronal control.
Flushing can be classified according to the presence or absence of associated sweating, since the physiopathology differs between them: on the one hand, neurally mediated flushing is frequently associated with sweating ('wet flushing') due to the concomitant neurological control of autonomic nerve fibres of vascular smooth muscle and eccrine sweat glands (4) (Fig. 1) leading to flushing, which can be the result of events at both peripheral and central sites. On the other hand, isolated ('dry') flushing is mainly due to the action of circulating vasodilator substances such as kinins, prostaglandins, vasoactive intestinal peptide (VIP), calcitonin gene-related peptide, serotonin (5-HT) and histamine. Of these mediators, serotonin is worthy of special mention due to its involvement in the carcinoid syndrome. Serotonin causes very complex and variable cardiovascular responses that include bradycardia or tachycardia, hypotension or hypertension and vasodilatation or vasoconstriction. This wide variety of responses has been explained by the presence of different receptors (5-HT1, 5-HT2, 5-HT3, 5-HT4, 5-HT5A/5B and 5-HT7) of which 5-HT2A, 5-HT2B and 5-HT7 are present in vascular smooth muscle. 5-HT7 leads to vascular relaxation, opposite to 5-HT2, and when both types of receptor are present in vessels the ultimate response to 5-HT depends upon the pre-existing vascular tone, the level of 5HT and the proportions in which the two receptors types are distributed (5).
Aetiology (based on the presence/absence of sweating)
Neural mechanism: wet flushing
The most common autonomic neural-mediated flushing reactions are thermoregulatory, both normal physiological responses and inappropriate varieties. A second major category comprises those associated with emotions. Disturbances of this autonomic system frequently occur at both extremes of life. In early life, there appears to be instability of this system in response to stress, so-called 'blushing'. Darwin studied blushing and described it as an entirely involuntary expression, which cannot be consciously inhibited, occurring in all 'races' and in blind people, and suggested an inherited tendency to excessive blushing. While it usually improves with age, in some cases, blushing may impair quality of life and dominate social interactions, leading patients to seek medical help.
Later in life, abrupt withdrawal of oestrogens in women leads to menopausal flushing. Classic menopausal vasomotor symptoms (VMS) include hot flushes and night sweats. As noted above, around 80% of post-menopausal women experience hot flushes and sleep complaints are reported by 40-60 % (5); epidemiological studies have found that, despite the number of episodes decreasing over time, the duration of this period could be up to 5-13 years, with the longest duration in African-American women (1) . The perception of the experiences related to Figure 1 Autonomic innervation of eccrine gland.
the menopause and the quality of life during this period are very influenced by personality, culture, education, social support and the ability to confront difficult situations. In an attempt to study the heterogeneity of temporal patterns of VMS, Tepple et al. evaluated 1455 women with nonsurgical menopause over a median follow-up of 15.4 years and described four distinct trajectories: 'early onset' (onset about 11 years before the final menstrual period with decline after menopause), 'late onset' (onset near the final menstrual period with later decline), 'high frequency' (onset early with persistently high frequency) and 'low frequency' (persistently low frequency). In a further analysis, they found that relative to women with a persistently low frequency of VMS, women with persistently high-and early-onset VMS had a more adverse psychosocial and health profile (6) . Of course, this begs the question as to what is cause and effect.
Despite extensive studies, the pathogenesis of menopausal hot flushes remains unclear. Initially, high circulating concentrations of gonadotrophins were thought to be involved in the development of menopausal flushing, but since it has also been described to occur after total hypophysectomy (7) and in Sheehan syndrome (8) , this concept appears to be inadequate. Currently, it is accepted that oestrogens play a major role in the maintenance of core temperature (9) , and there is little doubt that they -or their absence -are involved in the initiation of menopausal hot flushes. It seems that it is not the absolute level of oestrogens, but the rate of oestrogen withdrawal that determines the onset of flushes (10) . Despite the fact that the mechanism is not entirely understood, it is known that oestrogens have complex interactions with the noradrenergic system (11,12) since noradrenaline plays a major role in thermoregulation, acting in part through central α 2 -adrenergic (13) receptors; modulation of brain adrenergic receptors by oestrogen (11, 12) could be one of the main mechanisms involved in the onset of flushing. This theory is supported by the fact that the α 2 -adrenoceptor agonist clonidine has some beneficial effects in the control of menopausal flushing.
A classic study showed a decrease in menopausal flushes in women infused with the opiate-antagonist naloxone, possibly indicating the involvement of a dynorphin pathway (14) , while more recently, hypothalamic kisspeptin/neurokinin B/dynorphin (KNDy) neurons have been related to the physiology of 'menopausal' flushes. Post-menopausal women have been shown to demonstrate hypertrophy of these neurons in the hypothalamic arcuate nucleus, changes that have also been demonstrated in young monkeys after ovariectomy and reversed by oestrogen replacement (15) . Animal models have studied the connections between KNDy neurons and the pathways that control heat-defence effectors involving the preoptic structures (16) and have also evaluated the thermoregulatory effects of ablating KNDy neurons, indicating that KNDy neurons facilitate cutaneous vasodilatation, an important heat dissipation effector (17) . Based on these previous investigations, Prage et al. very recently reported a randomised doubleblind placebo-controlled trial, using an oral neurokinin 3 receptor antagonist (MLE4901). Using an oral dose of 40 mg bd, they were able to show a significant reduction in the mean number and severity of hot flushes leading to an improvement in psychosocial and physical symptoms. The authors concluded that this finding may open a new treatment modality, which could potentially transform the lives of women severely affected by hot flushes without the possible risks of being exposed to oestrogen (18) .
In a parallel way, there is a gradual reduction of the male sex hormone with increasing age, mainly due to testis dysfunction (Leydig cell mass reduction as well as reduced testicular circulation), but also partially to reduced testosterone-stimulating hormones (19) . This condition usually has an insidious onset with the slow progression of symptoms such as sexual dysfunction, weakness, insomnia, mood disorders and reduction of bone density. In contrast, when the androgen deficiency occurs in a sudden manner as in androgen deprivation therapy for prostate cancer patients, symptoms tend to be more severe, and hot flushes can be described, not only as the more frequent symptom, but also in up to 27% of patients report hot flushes as being the most troublesome side effect of treatment. After bilateral orchidectomy, about 50% of patients develop hot flushes occurring within a few months; remarkably, when castration is caused by GnRH analogues, the incidence of hot flushes is higher, around 60-70% (20) .
Neurological diseases in the central nervous system (CNS) can also cause disturbances of autonomic function. Tumours and other lesions affecting the walls of the third ventricle, such as diencephalic epilepsy, can activate the autonomic centres residing in its walls. Peripherally, a misdirection of regenerated parasympathetic nerve fibres after parotid surgery or injury, perinatal birth injury or facial trauma in childhood, can lead to recurrent episodes of gustatory flushing and/or sweating in the cutaneous distribution of the auriculotemporal nerve, known as Frey syndrome.
Although flushing can occur in the natural course of Parkinsonism, it is the use of dopamine agonists that has generally been accompanied by flushing in these patients (21) .
Dry flushing
Several drugs have been reported to cause flushing, and a wide variety of mechanisms are involved (Table 1) . Occasionally, flushing as a side effect can be seen as frequently as in 90% of patients in the case of nicotinic acid, even necessitating the discontinuation of treatment.
Some circulating substances secreted by tumours can also induce flushing as one of the principal clinic manifestations of the neoplasia. Flushing is included as one of the skin manifestations in the carcinoid syndrome, along with diarrhoea, being present in 20-30% of patients with midgut neuroendocrine tumours. This syndrome usually affects patients with neuroendocrine tumours arising from the midgut with liver metastases since serotonin is secreted into the portal venous system and, in the absence of metastases, it would be inactivated by the liver and would not reach the systemic circulation.
However, there are some particular cases in which flushing can appear in the absence of liver metastases, as is the case of ovarian carcinoids or peritoneal seeding of gastrointestinal tumours (22, 23) , since serotonin can directly reach the systemic circulation in these cases.
Four types of carcinoid flushing have been described in the literature: erythematous, violaceous, prolonged and bright red. The erythematous flush is usually associated with midgut carcinoids but the ileum, as part of the midgut, seems to show a patchier and more violaceus flush. Foregut tumours (stomach, lung and pancreas) are said to be associated with a bright-red 'geographic' flush. Bronchopulmonary carcinoids are associated with more prolonged flushing, lasting several hours to some days (Bouloux MP, Sweating and Flushing: Evaluation and Management. 2013 Meet The Professor: Endocrine Case Management. http://dx.doi.org/10.1210/ MTP2.9781936704637.ch39). In the carcinoid syndrome, most flushes occur spontaneously, but they can also be provoked by certain foods rich in serotonin (chocolate, nuts, avocado, banana and red wine), alcohol, palpation of the liver and general anaesthesia.
Phaeochromocytomas are tumours arising from neural crest-derived chromaffin cells of the adrenal medulla and sympathetic ganglia (the latter being referred to as paragangliomas). There is increasing interest in these tumours since their pathogenesis and progression are very strongly influenced by genetics. A germline mutation in one of the susceptibility genes identified to date explains ~40% of all cases (24). Despite being described in most textbooks as a significant symptom of these disorders, flushing as a manifestation of phaeochromocytoma is in fact infrequent. In general, the α 1 -mediated vasoconstriction of cutaneous vessels is the dominant feature of the paroxysms seen with secretory phaeochromocytomas and paragangliomas. Nevertheless, while flushing is a rare and unexpected consequence of secretory phaeochromocytomas, there are scattered case reports that suggest it can occur, albeit infrequently. The mechanism for such rare flushing in phaeochromocytoma remains unclear: it could be due to a rebound vasodilatation of the facial cutaneous blood vessels after the classical spell of pallor and sweating. Other possible mechanism may include blood pressure lability generated by prolonged exposure to catecholamines. In addition, some phaeochromocytomas may produce other flushing mediators, such as calcitonin gene-related peptide, vasoactive intestinal polypeptide or adrenomedullin. Another endocrine tumour that may secrete bioactive substances is medullary thyroid carcinoma, which, in addition to calcitonin, has the potential to cause clinical symptoms such as sweating and flushing by substances including biogenic amines, ACTH, CRH and prostaglandins. Curiously, renal cell carcinoma also can rarely cause flushing, which it is felt may be due to the production of gonadotrophin-like hormones by the tumour (25) . The term mastocytosis refers to a heterogeneous group of clonal disorders characterised by the proliferation and accumulation of mast cells in various tissues, including the skin and the bone narrow. Depending on the organs involved, mastocytosis is divided into cutaneous mastocytosis (affecting mainly children), systemic mastocytosis and localised mast cell tumours (26) . In the adult-onset form, there is usually systemic involvement, and such findings increase in extent and severity over time (26) . The symptoms in mastocytosis are likely due to the release of mast cell mediators such as histamine, prostaglandin D2, leukotrienes, cytokines and chemokines, but also to mast cell infiltration of tissues (e.g. osteolytic lesions, hepatomegaly and impaired liver function or malabsorption due to gastrointestinal mast cell infiltration). Flushing is one of the clinical features related to the release of mast cell mediators along with pruritus, nausea, diarrhoea, abdominal pain and vasodilatory shock, any of which may occur spontaneously or be induced by triggers.
In many situations, despite intensive investigation, no objective cause can be found to explain the flushing, leading to the diagnosis of idiopathic flushing. Despite the benign nature of this disorder, these patients often undergo repeated evaluations in attempt to diagnose a disease associated with flushing and may receive medications that are of minimal benefit and which can even be damaging. In an exhaustive study, Friedman et al. (27) extensively evaluated ten patients with recurrent idiopathic flushing. After a complete clinical and laboratory assessment that included observation of attacks by physicians and a psychiatric evaluation, they found an apparent exaggerated description of the attacks given by the patients with normal levels of histamine and routine laboratory tests. In this study, there was a high percentage of underlying psychiatric abnormalities, with somatisation disorder being the most prevalent and being diagnosed in almost every patient.
Diagnosis: proposed algorithm
A careful and detailed history is mandatory. The first step will be to differentiate between dry or wet flushing. This initial stage is not always obvious since in some patients with dry flushes, this is associated with significant anxiety, which can be a confounder. An exhaustive drug history and an evaluation of precipitating factors and associated symptomatology should initially guide the study. Patients with flushing secondary to hypogonadism tend to have night sweats as the predominant aspect. NETs can also manifest secretory diarrhoea and often have a past history of a diagnosis of irritable bowel syndrome (Fig. 2) .
Physical examination of the skin can also contribute to the initial clinical suspicion: urticaria pigmentosa and excoriated lesions caused by scratching would suggest mastocytosis, while the presence of the dermatologic manifestations of pellagra can appear in patients with neuroendocrine tumours due to the deficiency of tryptophan (which can be used to synthesise niacin).
If the patient has dry flushes, the carcinoid syndrome has to be ruled out. The major investigations in suspected cases are 24-h urinary 5-hydroxyindole acetic acid (5-HIAA) and plasma chromogranin A (CgA). Serotonin released by carcinoid tumours is metabolised by monoamine oxidases in the liver, lungs and brain to 5-HIAA. In the presence of a carcinoid syndrome, the overall sensitivity and specificity of urinary 5-HIAA is of the order of 70 and 90%, respectively (28). Falsely, low 5-HIAA levels may be encountered in patients with renal impairment and those on haemodialysis. In addition, 5-HIAA may be increased (30) . However, further studies are necessary in order to refine these promising tests. While urinary 5HIAA remains the definitive test for flushing secondary to a carcinoid syndrome, CgA is probably the most valuable marker in the diagnosis and follow-up of NETs. An elevated CgA was found to be more sensitive than high urinary 5-HIAA levels in patients with metastatic midgut lesions (87 vs 76% respectively) (31) . The specificity of CgA in the diagnosis of NETs depends on the tumour type and burden. In clinical practice, the most common causes of false-positive results are the use of proton pump inhibitors and cases of atrophic gastritis. Lack of gastric acid leads to hypergastrinaemia due to loss of negative feedback for gastrin, and this chronic elevation of gastrin levels provoke hyperplasia of the neuroendocrine cells of the stomach, which are able to secrete CgA (32) . Proton pump inhibitor (PPI) therapy may increase CgA concentration just five days after first intake, so this drug should be discontinued at least 14 days before the test (33) , and possibly 3 weeks is the safest. However, this should always be considered in the context of patients with a high likelihood of a gastrinoma in which case such omission of therapy may be life-threatening. Histamine type-2 receptor antagonists may also have an effect on the increase of the marker, and it is suggested to discontinue these medications for at least 24 h before the scheduled CgA examination. Other causes of false-positive results are impaired kidney function due to reduced renal clearance, while inflammatory bowel disease can also cause falsepositive results. Approximately 50% of patients with inflammatory bowel diseases tend to have an elevated CgA, especially during the active phase of the disease. CgA should be determined in fasting individuals since food can induce increased levels in healthy individuals.
When a carcinoid syndrome has been excluded, two major disease entities have to be considered: systemic mastocytosis and phaeochromocytoma. The total tryptase level in serum or plasma seems to be a more discriminating biomarker than urinary methylhistamine for the diagnosis of systemic mastocytosis. In general, total tryptase levels are greater than 20 ng/mL in patients with systemic mastocytosis, being recognised as a minor criterion in the diagnostic evaluation of systemic mastocytosis by the World Health Organization (Table 2) . However, lower tryptase levels can be seen in patients with cutaneous mastocytosis, monoclonal mast cell activation syndrome and systemic mastocytosis with limited bone marrow involvement (34) . On the other hand, the diagnosis of phaeochromocytoma depends on biochemical evidence of catecholamine production by the tumour. Adrenal chromaffin cells produce catecholamines, which are metabolised to metanephrines by membrane-bound catecholamine-O-methyltransferase. While catecholamines can be directly measured, metanephrines are a much more reliable test since they are continuously produced within tumours by a process that is independent of exocytotic catecholamine release (35). Lenders et al. evaluated several biochemical tests in a multicentre study including 800 patients and concluded that sensitivities of plasma free metanephrines and urinary fractionated metanephrines were higher than those for plasma catecholamines and urinary catecholamines (99, 97, 84 and 86% respectively); they also determined that combining different tests did not improve the diagnostic yield beyond that of a single test of plasma free metanephrines (36) . If this work-up is unrevealing, other less frequent conditions such as medullary thyroid carcinoma, VIPoma and renal carcinoma should also be considered. If attacks persist and no cause can be found, then a radiolabelled 111 In-octreotide or (preferably) a 68 Ga-octreotate-PET scan should reveal any occult tumour, but this is rarely positive in the absence of abnormal cross-sectional imaging (CT/MR) as flushing patients usually have obvious disease. In a systematic review and metaanalysis, Deppen et al. evaluated the limited published literature directly comparing 111 In-DTPA-octreotide with 68 Ga-DOTATATE imaging. In their conclusions, they found a superiority of 68 Ga-DOTATATE PET/CT for the diagnosis or reassessment of tumours with high somatostatin receptor expression (37) . The available evidence also supports 68 Ga-DOTATATE imaging, which often demonstrates tumour uptake in some patients with negative or equivocal 111 In-DTPA-octreotide scans (38) .
Additionally, 68 Ga-DOTATATE PET/CT provides a lower effective radiation dose (39) and superior image quality compared to 111 In-DTPA-octreotide imaging and is more convenient for patients. In many patients, no cause is ever found: Friedman (26) suggests that patients should be re-examined every 6-12 months to determine whether symptoms are progressive, thus requiring further study. If symptoms are not progressive, the patient may be spared needless studies. A psychiatric consultation may be considered in the presence of persistent but non-progressive symptoms in the absence of proven organic disease.
Treatment

Menopausal hot flushes
Classically, hormone replacement treatment (HRT) has been the gold standard treatment for menopausal hot flushes; however, this treatment is not exempt from risks, and should not be the first option in women with a high cardiovascular risk, increased risk of venous thromboembolism (with a probable lower risk with transdermal therapy (0.05 mg twice weekly or lower) compared to oral therapy) (40) or breast cancer. According to new guidelines developed for the treatment of symptoms during the menopause (41), if no contraindications are present, the choice of initiating a HRT should be a shared decision-making approach based on the woman´s risks and treatment goals, and the decision to continue HRT should be revisited at least annually, targeting the shortest total duration of the treatment (41) . If vasomotor symptoms remain persistent and intolerable, these guidelines propose a switch in the mode of administration of HRT or to adjust the dose of oestrogen and/or progestogen. The duration of treatment should be consistent with the treatment goals of the individual, and the benefit/risk profile needs to be individually reassessed annually (40) . Other causes of flushing should be considered if after treatment adjustment, no changes are evident.
For women seeking pharmacological management for moderate-to-severe vasomotor symptoms for whom HRT is contraindicated, or who choose not to take it, the initial choice should be the use of selective serotonin or serotonin-noradrenaline reuptake inhibitors (41) , since several studies have demonstrated a reduction of hot flushes scores by 60% (42, 43) . Not only frequency is reduced, but also the severity and bother, and not only in depressed or anxious women (44) , with venlafaxine and paroxetine the most effective (45) . Caution is advised in the use of paroxetine in patients receiving treatment for breast cancer since it markedly interferes with the metabolism of tamoxifen.
Despite the fact that the mechanism remains unclear, gabapentin or pregabalin have also been used to ameliorate hot flushes when there are no contraindications. If vasomotor symptoms are not responding or these nonhormonal prescription therapies are not tolerated, a trial of clonidine is suggested, since this α 2 -adrenergic receptor agonist reduces brain noradrenaline, decreasing the rate of hot flushes occurrence by 46% (46) .
A small number of head-to-head studies have compared varying oestrogen doses and preparations with non-hormonal agents (47, 48) , the limited available evidence suggesting that standard dose hormone replace treatment is more effective than other treatments but the significance of the small magnitude between them is of uncertain clinical relevance. It should be kept in mind that there is a strong, consistently reported placebo effect, which averages 30% and occurs more often in women with high anxiety and stress scores. Finally, as noted above, the introduction of NK3 antagonists is likely to play a major role in the treatment of menopausal hot flushes in the future.
Carcinoid syndrome
Patients with flushing due to carcinoid syndrome have greatly benefited from long-acting somatostatin analogues. In 1978, it was first reported that a somatostatin analogue was able to prevent spontaneous and provoked flushing in patients with carcinoid tumours (49) . This treatment significantly reduces plasma CgA levels, especially in patients with classical midgut NETs, probably reflecting an inhibition of both hormone synthesis and release from the tumour cells. Studies on long-acting analogues demonstrate a symptomatic response rate of 70% (50) in patients with the carcinoid syndrome, and referring specifically to flushing, a response rate of 50-60% (51, 52) . Since the goal of improving symptom control is a common reason for somatostatin analogue dose escalation, Strosberg et al. have recently evaluated the effects of above-standard dose of octreotide LAR in a multicentre study, concluding that the resolution or improvement of flushing after dose escalation can be observed in 80% of patients (53) . When no symptomatic control is achieved, another option of treatment would be the novel multireceptor-targeted somatostatin analogue pasireotide (previously known as SOM230). In a recently published phase II, open-label, multicentre study of pasireotide in patients with advanced NET whose symptoms of carcinoid syndrome (diarrhoea/flushing) were inadequately controlled by octreotide LAR, pasireotide 600-900 μg given subcutaneously reduced daily flushing episodes from 4.9 ± 4.1 at baseline to 1.0 ± 0.8 post-treatment and was effective in controlling the symptoms of diarrhoea and flushing in 27% of patients with advanced NETs who were no longer responsive to octreotide LAR (54) . The use of octreotide before invasive procedures is also important to prevent a carcinoid crisis. According to Öberg et al., in patients in whom symptoms are well controlled by octreotide LAR 20-30 mg, a supplementary bolus dose of 250-500 µg octreotide should be given subcutaneously within one to two hours before the procedure. For emergency surgery in therapy-naïve patients with functional NETs, a 500-1000 µg intravenous bolus of octreotide or 500 µg subcutaneously should be given one to two hours before the procedure. The recommended intra-operative use of octreotide for carcinoid crisis with hypotension is bolus intravenous doses of 500-1000 µg, with treatment repetition at five-minute intervals until control of symptoms is achieved. Alternatively, following an intravenous bolus dose, continuous intravenous infusion of octreotide at a dose of 50-200 µg per hour may be given. In any patient who has required supplemental dosing during a procedure, the post-operative dose would be 50-200 µg per hour for 24 h, followed by resumption of the preoperative treatment schedule (55) . Somatostatin analogues can also be radiolabelled with 90 Y or 177 Lu and be used in the treatment of inoperable or metastatic neuroendocrine tumours, producing disease-control rates of 68-94% (56) . In addition, biochemical and symptomatic responses are commonly observed.
Clinical experience indicates that patients on somatostatin analogues may develop tachyphylaxis or may respond less well to somatostatin due to an increase in tumour burden, so new options are being developed. Tryptophan hydroxylase (TPH) is the rate-limiting enzyme in serotonin synthesis. It converts tryptophan to 5-hydroxytryptophan, which is subsequently converted to serotonin. Telotristat ethyl is a novel molecule that inhibits tryptophan hydroxylase. In a single-arm multicentre study, patients experienced substantial reductions in bowel symptoms and in urinary 5-HIAA, and a modest, but statistically significant, decrease from baseline in the number of episodes of flushing, showing a reduction of 27% from a baseline of 2.78 episodes per day (P = 0.04) (57) . In an international randomised, double-blind, placebo-controlled phase III study in 135 patients with carcinoid syndrome whose diarrhoea (>four bowel movements per day) was not adequately controlled on somatostatin analogue therapy, treatment with telotristat (250 mg or 500 mg three times per day, or placebo) markedly decreased urinary 5-HIAA suggesting effective TPH inhibition. In this study, bowel movements were also significantly reduced, from 5.8 to 3.8 per day on telotristat ethyl 500 mg three times a day (tds), while flushing episodes diminished by 0.16 per day on placebo, 0.3 per day on telotristat 250 mg tds and by 0.53 per day on telotristat ethyl 500 mg tds. The latter trend was not statistically significant, but the trial baseline flushing rate was relatively low and the study was principally designed to explore the effects on diarrhoea (58) . This may 177:5 R227 Review I Huguet and A Grossman Flushing: current concepts www.eje-online.org also indicate that while there may be an element of the flushing mediated by 5HT, other agents may also be involved. Thus, carcinoid flushing is generally responsive to somatostatin analogues, and in general, the long-acting analogues octreotide LAR and lanreotide autogel are preferred; for patients not fully responsive, an abovestandard dose trial can be performed, and pasireotide may be another effective option, although currently its licence is for the treatment of Cushing's disease. Telotristat ethyl is a novel agent, which is yet to become licensed, but may represent an additional useful tool in the armamentarium.
Mastocytosis
For patients with mastocytosis, there is no specific therapy currently available but several advances in the understanding of this disease are being developed. Abdulkadir et al. (59) observed that over 90% of the patients carry the D816V point mutation that renders the c-KIT receptor constitutively active. The histone deacetylase inhibitors SAHA epigenetically silences c-KIT followed by major mast cell apoptosis, with a correlation between cell death and systemic mastocytosis disease severity, with cell death more pronounced in the case of aggressive disease. In another study, midostaurin, an inhibitor of tyrosine kinases, has shown to target c-KIT mutants associated with mastocytosis and seems to reduce the risk of death, so indeed new targeted therapies are being developed for the treatment of this condition (60) . In specific relation to flushing, this is often treated with an H 1 -histaminereceptor antagonist such as hydroxyzine or non-sedating antihistamines such as cetirizine or fexofenadine, with expert opinion endorsing the daytime use of non-sedating antihistamines and nighttime use of sedating ones (61) .
Conclusions
Flushing is a challenging symptom and several serious diseases can be the cause of this condition. A careful clinical history is required in order to guide t biochemical and radiological studies, and when the cause is elucidated, specific targeted therapy is available in some situations, but unfortunately not for every disease. Not uncommonly, the cause is not found, leading to the diagnosis of idiopathic flushing. In this situation, if symptoms are not progressive, avoiding needless investigations and treatments with minimal benefit -such as antihistamines or steroids -should be the priority.
